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N.A.C.A. Model No. 11,'a compléets test of #Bicﬁ {8 de- _
-'scribed in N.A.T.A, Technical Note No. 464. In contrast

with the longltudinal upward curvature in the planing bot-

tom forward of the main step on Model No. 11, the planing
bottom of Model No. 1l-A was made as flat as practicabdle,
Otherwise, thoe two models have very nearly the samne form,

The results of towing tests made on Model No. 11-4A
in the N.A,.C.A. tank over =& wide range of speed, load on
the water, and trim angle afe Preserted, both as ofiginal
test data and as nondimensional coefficients. & compari-
son is made with similar results from the tesi of Hodel

No. 1l. The practical significance of the improvement ob-

tained is demonstrated by epplying the data from the new
form to the illustrative design problem used in the note
on Model No, 11,

INTRODUCTION

One of the major ltems on the research program Tor
the N.A.C.A. tank is a gtudy of the behavior of flying-
boat hulls on the waters 4s a part of this program, a
family of five models, consisting of g parent form and

four systematic variations, has been %tested. The pannAt‘
form is represented by Model No. 1l.

It was thought that the fore-and-aft upward curvaiure

in the forebody forward of the step 1n MHodel No, 11 was

too great gnd that better por*ormance woul&'be obtained by

"making the forebody straighft Tor as greéeat a distance for«
ward of thg step as was practicable, A new forebody was

designed and built in accordance with this idoa and assom-
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bPled with the original afterbody. The combinatlon was des-
ignated"N.A,.C.A, Model No, l1l-A,"

This model was tested in the N.A.C.A., tank at Langley
Field, Va., over =z wide range of speed, load on the water,
and trlim angle, In addition to providing a direct compar-
lson between the models in question, this sort of fcompleta
test enables a goneral comparison to be made with other
known types., As the numbor of such tests on representa-
tive hulls is increased, the gquestion of relative merit
among them will become increasingly easler to answer, The
test data of Hodel Yo, 11-A are proesented for this purpose,
as woll as %o provide known water characteristlice by which
the geomotric form may be directly appliocd to a new design,
The method for uesing these data in determining optimum sisze
of hull, engle of wing sebtting (incidence), take~off time, s
and length of take-off run is described in detail in refer-
ence l,

DESCRIPTION OF MODEL

Model No. 11l-A was mads of laminated mahogany to a
tolerance of 0,02 inch on dimensions., The principal lines
are shown in figure 1 and complete falred offscts are given
in table I, The following particulars apply both to it and
to Model Wo, 11 from which it was derived,

Length (including tail) . . « « . . . 8 ft,

" Liength of forebody v e s e e a e 4 f£t,
388.!;1 [l L] . . . [] ‘. ] [ L] . . L] - . [ ] 17 1n.
Depth . o v 4 ¢ & v ¢« ¢ o o + « 2 14 in,

Depth of stsp L] - _l L] [ L) . L L] L] 0.56 in.
Dead I‘i 88 a-t Step . . . . . . L] L] . 22"'1/20

Included angle between forebody o
and afterbody « ¢« ¢ o« ¢ o o o « 645

The model Adimensions and offsets may be readily con-
verted for any size of hull, when the optimum scale ratilo
is dstermined.
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Since the fore-and-aft curvature in the forebody near
the step on licdel No. 11 was thought to have an adverse
effect on both i%s resistance and 1ts spray characteris-
tics, the ferebody buttocks, kesl, and chines of No, 11-4
were made without curvature as far forward from” the step
as was.practicable before forming the bow. ~The’ cross sec-~
tions in this region are straight lines. Tae forward kesl
line at the step has.an angle of 1~ with the base line.
Near the vow, the chines rise rapidly: and the cross sec-
tions become hollow.

LAfE Qf ‘the etep, Models N¥o. 11 and No. 11—A are T&en-
tical, The bottom terminetes in a relatively narrow
fgsternpost,” aft of which the hull is principally = support
for the tail surfaces and may vary considerably among dif-
ferent designs with 1ittle effect on performance,

E— - - - =t

APPARATUS AND TEST UET] HOD:

The eguipment of the N .A.C.A. tank for testing models
of seaplane floats and hulls is described in referonce 2.
The value of the data obtained from this tank is greatly
enhanced by the 1ss 0f comparatively large models, which
permit more accurate welghing of the forces involved, while
the difference between converted fest results an& ad%uai
full-gcale forces is reduced. i - sl ERE

T T

The small towing gear described in reference 2 wags"”

used when ¥%esting Hodel No, 1l-A.,  The desired Igad on Fﬁe'

water, however, was adjusted by means of counterweights
instead of by the hydrovane 1lift device employed when the
gross load and get-away speed of .a model &sre specified in

- advance. In a series of constant-speed ruand, simultaneous

values of speed, resistance, and draft were taken, as well
as the moment required to hold the model at the angle of
trim desired. Photographs wers taken at desired intervals
throughout the test for a study of wave and spray forma-
tion, ' With the model at rest, the longitudinal righting
moments and drafts were observed for several loads and an-
gles of trim,
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RESULTS ,

T§§p~ggt§,- et values of ‘reslstance, trimming moment,
and.draft.obtained by deducting the usual towing-gear tares
and corrections from the observed data are 2iven in table
II ior_various loads and speeds and for several trim angles,

The air drag of the model is included in the net re-
slstance given, The conversion of fthe air drag from model
to full sceale follows the same law as that assumed for the
water resistance; honce, the alr drag of the full-sized
hull should be omitted from the estimated air drag of the
airplans when applying these results to a take-off calcu-
lation, o

The center about which moments were takexrn is shown on
figure 1, The measured moments must be transferred from
this point to the actual center of gravlty for any glven
design, Homents which tend to raise the bow are consldered
positive.: .,

Thé‘aiéfts given in the table are the distances from
the free~water surface %o the point of the keel at the

..stap.

Figures 2 to 6 were plotted from the data of table
II., They show the resistance and the trimming moment plot-
ted . against K speed with the load on the water as a parame-
ter, Figures 2 tg B present extensive date for trim an-
gles of 5° 5° . 77, and 9° The curves for the addltional
trim angles 20, 4%, 6°, 10° and 11° in figure 6 were used
to assist in the determlnation of the minimum resistance
and the angle at which 1t occurs for various speeds and
loads, as. will be explained under Derived data, The drafts,
being ef ‘secondary importance, were not plotted, but this
may rea&ily be done from the data in table II,

The 1pngitudina1 ‘righting moments of the model at
rest. for yarious displacements are shown in figure 7. The
intercopts on the horizontal axis will give the trim angle
at rest for the various loads, Xeore, too, the conter of
moments is that shown in figure 1 and the righting moments
nmust be transferred to the actual centor of gravity of the -
desigr that 1s belng considered,

Figure 8 shows the obeserved drafts at rest plotted
against displacement for various angles of ftrim, ZEnowlng
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the trim, these curves may be used:to draw the water iline
on the hull profile.

Précision.,- The test results ars oeIieved correct

within the following limits: v
Load on watber __#Q.B‘}P7_
Resistance +041 1be.
_ _Spesd "7+ 1 UEOVL faplae
o Trimh;né;;Fslgii - T4o, l° S S ET;?-
Trimming moment’ &1 o Tb.-ft. - 'f.ﬂr

Derived data.- Inasmuch ag the hull should run near
the best trim angle during take-off, the -gpplicaftion of
the teet resuld%s is consideradbly simpllfied by cross—fair-
ing the resistance against trim angle, From thése cur¥ss,
the minimum resistan’ce and the trim angle at which 1%t is
obtained are found for any speed amd load, Figures 9, 10,
and 11 are the results of this operation, plotted in ndkh~
dimensional form so that they may be unused for any size of
hull and with zny consistent system of units. The nondi-

mensional coofflcients adqpted are as follows:

Load coefficient GCA = Aa N
. ’ T - —w b L~
Resistance coefficient Cp = ia -
. _ -
Speed coefficient Oy I
: _ - Jegv
whére A is the load on the waber, 1bs = = -

R, resistance, 1), L Ll

—_——

W, welght dpnsity of water, 1b,/cu.ft.
b, beam of hull, ft. "
V, speed, f.ps.ss

hg, accelaration of gravity, ft./sec,”
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»

w = 63,6 1b,/cu.ft, for N.A.C.A. tank water and is usual-
1y taken as 64 lb./cu.fte for sea water, . . o :

The application of figures 9, 10, and 1) to design
problems is fully descridbed: in reference 1 and wlill not be
taken up in this note, .

Relative Merit of MHodel

L

It was beligqvad ,that lodel No. 1l~A, having a fore-
body with less upward curvature than that of Model No. 11,
would show better watsr performance and spray characteris-
tics, An analysis of the test results shows that this be-
l1lef was justified and that Model No., 1l-A has marked su-
periority in both respects.

Par gg;magcg.— A comparison of resistance ‘between mod-
els tested by the complete method may be carried out by
plotting the nondimgnsional ratio, 1oad/reaistanca (at best
angle), against load coefficient CA, .at representative
.8poed coefficients Cy. . This procedure was followed for
Eodels No., 11 and Fo..ll-A and the results are given in
figure 12, Four ropresontative valuos of Oy werc chosen;
namely, one &t the hump, one where 1oad/resistanco is near-
ly constant.over a rango.-of CA, .and two well out in the
planing rogibn. It will be seen that Model ¥o. 11-A shows
consideradly greater load/resistance ratios at ths lower
Cy wvalues and retains its superiority, although to a less-
or degree, at higher Oy values, The ratio at the hump
for this model remains above 5,0 for practically all load-
ings found in good practice, and shows improévement of from
22 to 25 percent over that of Yodel No, 11l.

The practical value of such improvement may be shown
by reworking the takew~off problem in reference 1, using
the same method throughout but substituting the data of
Hodel N¥o. 1ll~A for that of Model No., 11,

In this problem the followihg design conditions were
aassumed: .

G’I‘OSS 103(1 - [ L] ] - «. s l‘ . . 15’000 l.bl
Wing area . s o & 8 o 2 & e « . 1'000 Bq.ft.

POWOr « o o ¢ « o o o ¢ o « . 1,000 hp.
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Effective aspect ratioe inclu&ing o
—gl‘O'llIld foe Ct . L] . [ ] . . . . . 7.0

Parasite drag coefficient, ex- ;
' Cludlng hull . " L] . . . . o« ¥ ("t. 0.05 .

Airfoil ... Clark Y (data taken Trom -
N.A.C.A. T.R. No., 352, p. 286)

Thrust .... linear variation with speed
from 4,000 ib, at O f.P.Sl
to 3,150 1b, at 100 f.p.s.

In'the 'example of reference 1, the &ize of Bull waZa"
arrived at by assuming a value of 0,35 foy CA at the
hump speed, which gave a load/resistance ratio of 4,5 and
a beam of 101.5 inches, The stperior over-all perform-
ancd .6f Model Wo, 1l~A indicates that a smaller hull is
permissible. Accordingly, the value of . GA at the hump:
was assumed to be 0.40, which for this form gives a 1oa&/
rosistance of 5.3 (see fig, 12) and a beam of 96,3 inches,
This beam was used %o obtaln the results given below. &
still smaller beam was alsoc tried but did not give as &ood
results, Although this latter calculation showdd slight-
.1y lower high-speed resistance, the advantage was more
"than offseét by a higher hump reésistance. ;

The best angle of wing setting found by the method de-
scribed in reference 1 wase 6 79, This value wa# assumed
for the calculation. )

Using figures 9, 10, and 11 for finding the wafter re~
gsistance and following the method outlined in reference 1,
the take~off time and distante Wers obtained. These val-
ues compare with the previous example as follows.

Yodel No. 11 ﬂbdel ¥o. 11-A Reduction

- ) ' - pe;cent
Time, seconds 50 38 24,0
Run, feet 3,120 . 2,410 . 22.8

[ O -

In the preceding calculations, it was assumed that
the hull was near the trim angle for minimum water resist-
ance during the entire take~off, and that there was no
wind,
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There is little difference in the values of maximum
trimming moments at the same trim angles betwsen the two
forms, Model No, 1ll~A, however, will be more difficult to
hold near the best trim angle gt the hump speed since this
angle is spproximatoly 2° lower than that of Model No. 11,
and a much larger positive moment results from running at
the lower angle, For conventional designs, the center of
gravity would probably have to be moved forward to attalm
this angle.

Spray ‘characteristicg.~ Model No. 11-A was obsgserved
to have & better spray formatlon throughout the tests.
The natures of the sheets of spray, or "dplisters", tirown
by the two forebodies are shown in figures 13 and 14, A
close study of the photographs will indlcate the detrimen—
tal efifect of the curvature found in Model No. 11,

In practice, the tlisters from a hull having abtraight
V-sections are often reduced by spray strips fitted to the
forebody chlnes which deflect the water downward as i1t
‘leaves the hull, The cleanness of running of both Model
Nos 11 'and Model No. ll-4 would probably be improved by
this means,

Figure 15 shows the appearance of the bow blisters
thrown from Model ¥o, 1ll1-~A under conditions ususlly ob-
tained while taxying, It is difficul®t, however, to Jjudge
accurately the seaworthiness of a certain form of bow from
tank tests 1ln smooth water,

CONCLUSIONS

The water resistance of Model No, 11-4 in the neigh-
borhood of the hump speed and at planing speeds is leoss
than that of Model No, 11 at the same speeds. For the samo
load on the water, the better form of Model No, 1l—~A makes
1t possible to use a smaller hull than is reoquirod with
Model Noe. 11, This doecreasc in size should reduco the
wolght of the hull and the asrodynamic resistanco,.

-For this type-of hull, the teste indicate that longi~-
tudinal upward curvature such as is found in Model Noy 11
is deitrfmental to satisfactory performance and spray char-
acteristics, '
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Compared with other hulls regarding whlch data are
available, lodel Ho, 1l-A has excellent characteristics,
By the use of the data presented herein, its geomeitric
form may be directly applied to a variety of projected de-
signs,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 7, 1933,
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offsets in Inches for H.A.C.A. Model No. 11-A Flying-Boat Hull
Distance below base line Half~breadths
Sta. Bl B2 B4 B5 |Mein Main YLl | WI2 IWE3 |WL4 W15
Ho. chine chine|Cove
1.60| 3,00 8.00[ 7.50 23.50{11.00(9.50{8.00{ 6.50

*.P. 4,00 0.35

4 6.25 5.27 2.25 0.23{0.68{1,34
1 8.891 6.97 6.33 3.81 0.3B8(1.14(2.09{3.55
13 10.38] 8.68 7.19 5.03 1.04[2.24!3.80

2 11.30| 9.88 7.93 7.93 6.00 0.21] 1.7913.49|5.84

3 12.25]11.37 8.56 9.00 7.85 1.14| 3.4116.12

4 12,70)11,92 10.49] 9.82| 9.63 7.94 1.88| 4.B9

5] 12.92112.35 10.97)10.33] 9.99 8.28" 2.43] 5.92

6 10.17 8.43

v 10.24 8.49

8 10.32 8.50 ?nistance from base line
9 10.40 8.50 to water line (sec-
10 10.48 8.50 tion of hull surface
for'd 1 X made by g horizontal
10 Distance from center 1 9.93 8.50 plane parallel to
aft line (plane of syrmstry) base line)

11 to buttoek (section of 9.45 8.50

12 ll surface made by a 9.16 8.10 ]8.10

13 vertical plane paral- 9.16 6.97 |6.97

14 lel to plane of sym~ 9.48 5.07 |5.07

15 metry) 10.04 2.59 |2.59
;z::n 10.66 20 | .20

16

17 :

18 Tlements of stetions 6 to

19 20 inclusive are

s

gstraight linss

o~

lvionviﬂ

*oN ©30f TEOFuUYde]
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Table 3

1.2
88Q.

50° I,
63.8 1b. per ou.ft.
T = 2V

April 13-15, 1933

TABLE II

denslity

Trim angle,

Test dates:
Water temperature:

Kinematlo viscosity = 0.00001448
Tank water

Test Data for N.A.C.A. Model No, 1l-A Flying—Boat Hull
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Table 2 (Qont'd)
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TABLE II (Continued)

0 - 100

0

Trim angle,
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1b.=-ft.
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Tegt dates: April 13-%5, 1933

Water temperatures
Tank water density

Kinematic wigcosity.= 0,00001448
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Test Data for N.A.0.A. Model ¥o, 1ll-A Flying-Boat Hull
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at
step
in.

1317059 34.05954 RO
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Table 3 (Cont'd)

moment
1b.-1%.

3638396 4531968
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A .
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Qe | M

AARRARRA]

-8.2

T =g°

1b.

80C.

£4,8

1087118 8383879 QOO ==l

2345665 8901111 w0
A

et eirdeded

T = 10°

1.8

Trim angle,

3805553 5006974_ 0NOO®MO A

Trin angle,

19.4

83.6 1b, per cu.ft.
Load |Speed |Reslstance|Trimming|Draft

50o F.

TABIE II (Oontinued)
April 13-15, 1933

Water temperature
Tank wabter density.

Kinematio viscosity = 0.00001448
Test dabtes

Test Data for N.A.Q.A. Model No. 1l-A Flying-Boat Hull
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Figure 1.~ Lines of N.A.C.A. Model No.11-A
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Figre 4.~ Curves of resistance and trimming moment. v = 7°.
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~ Figure 8.-Drafts at rest.
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Fig. 6
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Model No. ll-A Hodel Fo. 1l

Toad 70 1, ., Speed, 19.0 .p.s.

Toed 80 1b., Speed., 19.5 fopat.

I
t

Figure 13.-Spray photogrephs at 9° trim engle.
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Hodel No. 11-\A Model No. 11

Toad 80 ibe, Speed, 13. 7 Pooea,

Tosd 80 1b,, Speed., 15,1 f.p.s.

Figure 14.-Spray photographs at 79 trim angle.

Model No. 11-4

Load 100 “1b., Speed., 7 f.p.s.
Figure 15.-Spray photogreph at 3° trim angle.




